The European LeukemiaNet (ELN), workpackage 10 (WP10) was designed to deal with diagnosis matters using morphology and immunophenotyping. This group aimed at establishing a consensus on the required reagents for proper immunophenotyping of acute leukemia and lymphoproliferative disorders. Animated discussions within WP10, together with the application of the Delphi method of proposals circulation, quickly led to post-consensual immunophenotyping panels for disorders on the ELN website. In this report, we established a comprehensive description of these panels, both mandatory and complementary, for both types of clinical conditions. The reason for using each marker, sustained by relevant literature information, is provided in detail. With the constant development of immunophenotyping techniques in flow cytometry and related software, this work aims at providing useful guidelines to perform the most pertinent exploration at diagnosis and for follow-up, with the best cost benefit in diseases, the treatment of which has a strong impact on health systems.
Introduction
As soon as the European LeukemiaNet (ELN) project started, the 'Diagnostics' workpackage (WP), WP10, initiated a discussion aiming at obtaining a state-of-the-art view on the immunophenotyping step of leukemia diagnosis. An electronic document, mostly based on Delphi consultation of a large number of partners in the WP and on discussions during a few meetings, was posted at the ELN website by early 2005, listing the antigens considered mandatory to investigate and providing an additional list of potentially useful markers.
1 Two other documents, respectively, considering pre-analytical steps and proposing a series of panel combinations of reagents validated in individual laboratories, were posted consecutively.
After 5 years, it appeared necessary to revise the 'mandatory' panel and its appendix, and to provide a more explicit document, which would facilitate data interpretation. In accordance with WP10's philosophy, this paper was therefore submitted to and reached consensus from the WP's participants. It presents the state-of-the-art and a global guideline to immunophenotyping in acute leukemias (ALs) and lymphoproliferative disorders (LPDs), also delineating the information provided by the selected markers and their value at diagnosis. This document deliberately does not enter the fields of panel construction or minimal residual disease (MRD), discussed elsewhere by this group of laboratory experts. It aims at better assessing the value brought by individual differentiation antigen recognition in properly delineating hematological malignancies.
An important characteristic of proper immunophenotyping of hematological malignancies at diagnosis is that it should provide all relevant indications to the clinician, including classification of the disease, according to maturation arrest stages 1-5 and pertinent information for the immunophenotypic follow-up of each patient. 6 The complexity and diversity of leukemias and LPDs are indeed associated with a large variety of molecular and immunophenotypic anomalies identified within the integrated approach recommended by the World Health Organization (WHO), which was considered in detail when writing this paper. 7 Indeed, the bases of AL immunophenotyping were summarized and typified in the European Group for the Immunological Characterization of Leukemias classification, 2 from which the immunophenotyping of AL was developed by the WHO classification of 2008. 7, 8 Immunophenotyping has become a major diagnostic tool in addition to morphology, owing to its accuracy and speed. 8 Cellular biomarkers readily detected through immunophenotyping allow a proper definition of hematological malignancies' lineage and differentiation, whereas cytogenetic or molecular anomalies further characterize subsets of these diseases sometimes belonging to the same immunophenotypic family. 8 The pertinent choice of a rather large panel of antibodies is therefore required at diagnosis to best orient further molecular studies, and, more importantly, the therapeutic options for each patient.
Both for AL and LPD, the ELN proposals consist of two parts. The first part of the panel is considered mandatory, but will not be sufficient for a final diagnosis in most cases. A selection of markers from the second panel will often be necessary to finalize the diagnosis, in the context of the integrated approach recommended by the WHO, 7, 8 considering not only morphology and immunophenotyping, but also all clinical and laboratory information available. Indications as to the usefulness and relevance of all markers proposed here to identify abnormal cells are provided and referenced.
AL immunophenotyping
In the vast majority of cases, clinical and cytological information will be available by the time a sample is forwarded for immunophenotyping. Nonetheless, the panels should be constructed to allow not only lineage assessment using just a few markers, but also comprise enough antibodies to apply existing classifications 1,7,9 and detect immunophenotypic features helpful for later investigation of MRD, such as co-expression patterns and potential aberrant expressions, although this is not the topic of this paper and has recently been reviewed elsewhere. 6 Former biphenotypic AL, 2 now renamed mixed phenotype AL, 7 although rare, should not escape such a proper investigation, nor should other rare forms of leukemias mentioned below.
It has been recognized that within the two major groups of leukemias, derived from the lymphoid or myeloid lineages, the following entities can be identified through proper immunophenotyping: 7 Acute lymphoblastic leukemia (ALL )B lineage: B-I, B-II, B-III, B-IV,  2,10 where, in addition to the degree of differentiation of B-lineage lymphoblastic ALs, the differentiation between B-precursor AL and Burkitt's lymphoma/ leukemia is necessary for important therapeutic consequences (Supplementary Table 1).   T lineage: T-I, T-II, T-III, T-IV. 11
Acute myeloblastic leukemia (AML) 9 With minimal differentiation (former M0). 12 AML with granulocytic or monocytic differentiation. 13 Acute promyelocytic leukemia (APL) 14 Erythroid. 15 Megakaryocytic. 16 Dendritic cell (DC) precursors. [17] [18] [19] Basophils and mast cell precursors. 20, 21 Rare acute undifferentiated leukemias express no markers considered specific for myeloid or lymphoid lineage, 7 and usually display the immature immunophenotype CD34 þ / CD45 dim . Mixed phenotype AL show either differentiation towards both myeloid and lymphoid lineage in a single blast population or two separate, myeloid and lymphoid blast populations. 7 The panels used should also allow for a differential diagnosis between AL, lymphoma, non-hematological neoplasms and reactive cytopenias, for example, following drug administration.
Mandatory panel
The consensual mandatory AL diagnostic panel comprises 27 antigens as shown in Supplementary Table 2 issued from the electronic document posted on the ELN website.
1
The first set of markers is stated to be used 'for quick orientation or paucicellular samples'. The former statement refers to samples arriving outside normal working hours when the clinicians, nonetheless, need a rapid answer to initiate therapy. This is a rare and exceptional occurrence, as in most patients treatment initiation can be delayed by a couple of days, especially if enrollment in a clinical trial is considered. Immunophenotyping therefore can be planned in advance and the sample forwarded to the laboratory with ample time to provide results by the end of the day, which by the way is one of the strong points of this technology. In some cases with major fibrosis, it will however appear difficult to obtain an adequate bone marrow specimen for a complete panel and immunophenotyping may be performed a minima. In such cases, a complete panel should be performed on a blood sample as leukemic cells are usually present also in the periphery, although sometimes at low frequency. Technological advances in multiparameter flow cytometry in the past few years allow for both more comprehensive immunophenotypic investigations on small samples and the characterization of small contingents of abnormal cells together with useful investigations of co-expressed markers. This is especially true and accurate through the now widely used addition of CD45 staining in all combinations. 22, 23 The CD45/right angle (or side scatter, SSC), displayed in Supplementary Figure 1 (top panel), can be considered as a 'map' of the studied sample. Specific combinations positively identifying mature monocytes, granulocytes and lymphocytes as well as CD45
À erythropoietic precursors 24, 25 can be used to define the respective location of these cells on such a reference 'map'. The remaining low SSC/low-intermediate CD45 area obtained by excluding these mature cell subsets, dubbed the 'bermudes' area by the GTLLF (Groupe de Travail sur les Leucémieset Lymphomes Francophone), 25 comprises immature hematopoietic cells and the blast population can be found there in the vast majority of AL cases. This CD45/SSC scattergram can be very useful to refine the identification of the blast population by applying backgating on it, that is, superimposing on this scattergram cells expressing another marker or marker combination by using a different coloring (Supplementary Figure 1 , bottom panels in normal bone marrow). Knowledge of the normal expression pattern of tested markers in remaining normal cell populations is very useful as a technical internal control of the labellings. An atlas of flow cytometry patterns found in normal bone marrow has been posted at the ELN website 26 and can be referred to. With the development of multidimensional flow cytometry and analysis methods allowing a better definition of the blast cell population, the classical thresholds of 20 or 10% of positive cells 2 have become less relevant. It is more important to assess the fluorescence shift and pattern of the whole clonal leukemic population, by comparison with fluorescence intensity of the tested marker on negative cells in the same sample. 27 The first set of proposed markers: cytoplasmic CD3 (cCD3), myeloperoxidase (MPO), cCD79a and TdT include lineage markers with a cytoplasmic or nuclear localization. It will therefore require cell permeabilization reagents. 28 Cytoplasmic expression of CD3 or CD79a is one of the earliest events occurring upon commitment of a progenitor cell towards the T or B lymphoid lineage, respectively. In normal differentiation, these antigens will be later used to bring the antigen receptor (T-cell receptor or B-cell receptor) on the surface of the mature lymphocyte. Therefore, these early markers characterize the T or B lineage of ALL. However, it has to be noted that some T-precursor ALLs have been shown to express cCD79a weakly. 29 The MPO enzyme, which can easily be identified with specific antibodies, is conversely the hallmark of myeloid cells, and hence is expressed in most AML, but absent in lymphoid cells. However, AML with minimal differentiation and some monocytic AMLs are MPO À . TdT, the terminal deoxyribonucleotidyl transferase, is a DNArepairing enzyme almost always present in the nucleus of B-and T-precursor ALL blasts and in some immature AML cases, but absent from lymphoma cells (except for rare precursor B and T lymphomas), and is therefore useful for differential diagnosis between these two entities.
The second set of differentiation antigens aims at confirming the diagnostic orientation provided by intracellular staining. It has been proposed that at least two differentiation antigens from the same lineage should be present on the blast cells to confirm their commitment. CD7 and CD2, which are early differentiation molecules appearing during the bone-marrow stage of T-cell maturation that remain all through T cells' life, are therefore proposed there. However, CD7 is often absent in mature T-cell lymphomas, especially adult T-cell leukemia lymphoma and Sezary syndrome. 30 Of note, these two antigens can be expressed in AML, although seldom concomitantly.
The immunophenotyping of T-lineage blasts should also include CD5, which is another early differentiation antigen, CD1a for the identification of corticothymocyte-like T-III ALL and the MHC ligands CD4 and CD8. The latter are absent in the most immature forms of T-ALL, can be co-expressed as in the double-positive stage normally present during thymic differentiation and become mutually exclusive in more mature forms. It is also important to check for the usual absence of surface expression of CD3 in T-ALL. The presence of this molecule on the membrane characterizes the more mature CD1a À T-IV ALL. During B-cell differentiation, cytoplasmic expression of CD22 appears early, quickly followed by translation of the molecule to the cells' surface. CD19 is one of the first differentiation antigens of the B lineage, and according to WHO 2008, CD19 expression is required for B-lineage assignment together with one (if strongly expressed) or two (in case of dim CD19) other B-lineage antigens. However, caution should be exerted when CD19 alone is observed, as this molecule displays broad lineage promiscuity and can be seen in AML. 31 CD22 alone is seen in AML cases with basophilic, mast cell or dendritic differentiation. 32 Assessment of surface immunoglobulin expression is an important feature to identify or rule out mature Burkitt's lymphoma B cells. CD10 is the hallmark of childhood most common ALL, and was indeed initially called CALLA for common ALL antigen. 33 It will therefore confirm the B lineage of most childhood and many adult ALL. Its absence, in cases expressing other B-lineage markers, may indicate the poorer prognosis B-I ALL. However, CD10 is also found in many cases of B-III ALL, mature B-cell lymphomas, including Burkitt's lymphomas and in some T-ALL. Within the B lineage, it is also important to investigate for the potential presence of cytoplasmic immunoglobulin m-chains, signing when expressed in the absence of surface immunoglobulins the pre-B stage of B-III ALL. In normal differentiation, this stage indicates that a proper rearrangement of the variable domain of the IGH gene coding for immunoglobulin heavy chain has been achieved. The corresponding peptide (variable domain) together with the constant domains of IgM m-chain is produced and accumulates in the cytoplasm. Minute amounts of these IgM chains also appear on the surface of the cell with surrogate light chains and constitute the pre-BCR. 34 This maturation step allows for the initiation of VJ rearrangement on one of the light-chain genes.
Finally, the two myeloid-lineage-associated markers CD13 and CD33, usually together with MPO, but in the absence of lymphoid-lineage-associated markers, would allow to confirm or identify an AML.
CD34 is an immaturity marker, present on stem cells and often still expressed by leukemic blasts. In the extremely rare cases of acute undifferentiated leukemia, 8 its presence as only differentiation antigen will, together with weak positivity for CD45, confirm the hematopoietic origin of the tumor cells.
Expression of the class II HLA antigen DR, also a hallmark of stem cells, can be helpful for the identification of acute undifferentiated leukemias, but is also almost always present on B-ALL cells and often in AML, except promyelocytic M3 AML (APL).
14 It is also expressed by normal B cells, monocytes and activated T cells.
The comprehensive mandatory immunophenotyping panel recommended here to be performed in a single step for all diagnoses comprises a further set of 13 markers. The immature myeloid marker CD117 is found in about 75% of AML blocked at an early step of differentiation.
35 CD14 is seldom observed on AML blasts, but can be present in some rare cases with myelomonocytic differentiation. However, CD14 is useful to properly separate blast cells from remaining monocytes as the latter, in addition to CD14, co-express physiologically CD33 and CD13, a feature also often seen on AML blasts. It is of note that flow cytometry is much more accurate than morphology or other techniques to dissect monocytic differentiation, by identifying through immunophenotypic pattern the consecutive stages of monocytic maturation. 1 CD65 is more characteristic of blasts engaged in granulocytic differentiation, appears earlier and seems to be more pertinent than the other carbohydrate differentiation antigen CD15. The latter, but not CD65, displays lineage promiscuity and can often be seen in some cases of B-lineage ALL of the B-I type, 36 as well as during myelomonocytic differentiation, together with CD65.
CD56, the neural cell adhesion molecule, normally expressed on some neural cells, natural killer (NK) lymphocytes and sometimes on activated monocytes, will be found as nearly sole marker on lineage-negative precursor DC leukemias, 18 usually together with surface CD4. However, this phenotype is not systematically found among plasmacytoid DC neoplasias and other more specific plasmacytoid DC markers should be tested in such cases. CD56 is often expressed on AML blasts and in these cases does not indicate NK-cell differentiation.
The identification or exclusion of megakaryocytic leukemias can be achieved by testing the platelet integrins CD41/gpIIb or CD61/gpIIIa, either on the surface or in the cytoplasm of blasts. For the rare leukemias of erythroblastic lineage, a red blood cell marker such as CD235 (glycophorin A) or CD36 (thrombospondin receptor) can be used. The latter will also stain platelets and monocytes. However, platelets often adhere to blast cells in AML and false-positive results may also be obtained with CD41 and CD61 antibodies. 37 Backgating of the stained population on an SSC/CD45 scattergram will help in such cases. Care should also be taken in choosing the red blood cell lysis reagent, as some may alter also nucleated red cell precursors.
Useful additional markers
In B-lineage ALL, cytoplasmic or surface immunoglobulin lightchain expression can be investigated. It will be negative except in the most mature forms of blast cells (B-IV), often related to Burkitt's lymphoma, thereby confirming clonality. Care must be taken to work on washed samples for this assay, as light chains are present on plasma immunoglobulins that must and should be the first to be removed. Cytoplasmic expression of light chains may also be the only marker of the rare surface immunoglobulin-negative B-IV ALL. 38 The tetraspanin CD9 is also often associated to the B lineage and can be used as a confirmatory marker. It has been reported to be predictive of TEL/AML1, 39 but can also be found on variant APL/M3 cases. Another important molecule involved in B-cell differentiation is PAX5 that regulates CD19 expression. Antibodies to PAX5 have been developed that are efficient on bone marrow biopsies, but limited information is available on their use in flow cytometry. However, this protein has also been reported to be expressed in acute myeloblastic leukemias with the t(8;21), often also expressing CD19. 40 For T-lineage ALLs, expression of the T-cell receptor can also be investigated in the cytoplasm and/or on the blasts' surface for discrimination between T-IVa and T-IVb. 41 In AML, a more refined exploration of the enzymatic content of the cells may be useful to assess their maturation level. MPO is the first enzyme to appear during myeloid differentiation, whereas lactoferrin, hallmark of the late neutrophil granulocyte compartment, 42 is only present on the most differentiated AML. 43, 44 Lysozyme will conversely identify early monocytic differentiation 45 and discriminate negative plasmacytoid DCs from positive myeloid cells. 46 CD133 is an alternative marker for progenitor cells. CD34 and CD133 have a broad overlap in the reactivity of progenitor cells. CD133 can be used for the therapeutic preparation of stem cells and it should therefore be evaluated on AL blast cells in such cases. 47 The integrin a-chains CD11b and CD11c are frequently expressed in AML, but are absent from APL. 48 These M3 AML, which display the t(15;17) translocation fusing the PML and RARA genes, also usually lack CD34 and HLA-DR.
14 Positivity for CD34 in APL has been reported to be associated with the hypogranular variant and may confer worse prognosis. 49 The carbohydrate antigen CD15, already mentioned above, can be a useful complement for the identification of AML with granulocytic or monocytic differentiation. 14, 28 It often is expressed as a gradient even on apparently otherwise immunophenotypically uniform blasts. CD15 may also be useful to exclude remaining mature neutrophils or identify hemodilution of a bone marrow sample. As a complement of the distinction of the blast population on a CD45/SSC scattergam, as described above, the appreciation of CD16 (Fc-g RIII) and CD11b expression qualifying mature granulocytes can be tested. CD11b and CD64 (Fc-g RI) will, moreover, further identify the monocytic compartment. 27, 50 CD35 expression, often associated with that of CD36 on less immature AML cells, has been reported to segregate a clinically relevant subset of AML. 9 CD71, the transferrin receptor, is an activation marker expressed in a large fraction of AL. Taken together with CD36, it is also useful for the characterization of erythroblasts, either normal and attesting of residual hematopoietic activity or consisting of the M6 blast cell population. 51, 52 Bright cytoplasmic expression of the mucosialin CD68 is characteristic of most AML blast cells, but a weak staining can be seen in a subset of B-ALL. 53 CD68 also belongs to the complementary panel useful for the characterization of plasmacytoid DCs, 19, 45 which also includes the interleukin-3 receptor CD123 and DC differentiation antigens of the BDCA family.
19 CD123 is also expressed on a subset of B-ALL, where it can be used for the detection of MRD. 54 A subset of AML also expresses CD123, which makes this marker a possible hallmark of leukemia stem cells, and therefore a potential therapeutic target in CD123 þ cases. 55 In the rare cases associated with hyperbasophilia, the discriminant immunophenotype CD123 þ /DR À will allow to identify this compartment. 56 Finally, the marker 7.1 has been reported to be a hallmark of MLL rearrangements. 57 These panels are intended for diagnostic purposes of AL. They may need to be completed with other markers that will prove later useful for MRD monitoring. This is especially true for crucial gating markers in AML such as CD11b and CD16 allowing to define and exclude mature normal cells. 24 In this context, CD58 for precursor B-ALL and CD99 for T-ALL could also be considered as useful for MRD follow-up. 58, 59 Since about two decades, the growing field of targeted therapies has revolutionized the treatment of hematological and other malignancies. Among other new drugs, a large place has been taken by monoclonal antibodies directed towards differentiation antigens, or toxin-conjugated ligands of surface molecules. It is therefore judicious to test for the expression these new therapeutic targets on blast cells from patients liable to enter clinical trials using or evaluating such drugs. 60 The list of useful markers to test at diagnosis can therefore be extended, according to current schedules applied in a given center, to include the well-known targets of rituximab (CD20), 61 or alemtuzumab (CD52), 62 
LPDs
Immunophenotyping for the diagnosis of LPD should be carried out to recognize features compatible with specific clinical questions, pointing the need to obtain relevant information as orientation toward the panel to consider. It has proven useful for screening and further classification into specific WHO entities (Supplementary Figure 2) . If the clinical question arises from absolute lymphocytosis or lymph node or skin involvement, a diagnosis of chronic lymphoid leukemia (CLL), 69 prolymphocytic leukemia, hairy cell leukemia (HCL) 70 or B-cell non-Hodgkin's lymphoma 71 should be evoked, although HCL may also be associated with leukopenia. Among B-cell lymphomas, the entities of Burkitt's, diffuse large B-cell lymphoma, follicular, mantle cell and marginal zone lymphoma should be the first to consider. The possibility of facing a T-cell proliferative disorder, such as Sezary syndrome, 72 large granular lymphocyte lymphoma or another NK proliferative disorder, although much rarer in the Western world, should also be considered. 73 
Mandatory panel
The mandatory panel proposed by ELN WP10 for LPD therefore comprises 23 markers. The strategies for choosing these markers have been delineated depending on the initial results of a gating or screening panel.
Immunophenotyping can be performed on peripheral blood, bone marrow, lymph node biopsy cell suspensions or occasionally ascites or cerebrospinal fluid. Fine-needle aspirations may be used for primary screening and to avoid unnecessary biopsies of reactive lymph nodes. 71, 74 It was agreed that three gating markers could be used to guide the subsequent steps of diagnosis. These would be CD19 as a hallmark of LPDs of the B lineage, CD3 for T lineage and CD56 for NK cells, although it should be noted that some of these disorders may be negative for these three markers. This combination would also provide rough but pertinent information as to the size of the remaining normal compartment of lymphocytes. Used on whole blood or whole bone marrow samples, eventually together with CD45, they will also allow to determine the proportion of the abnormal subset which, for example, in some cases of CLL, can be predominant.
After such screening, a B-lineage-oriented panel gated on CD19 was proposed (Supplementary Table 3 ). k and l expression will provide both an idea of the density of surface immunoglobulins (low or absent in CLL and in some cases of follicular lymphoma, overexpressed in other B-cell disorders) and a good approach to clonality. Search for these two markers and surface immunoglobulins should, however, be performed in Ficoll-separated or washed samples to avoid competition with soluble immunoglobulins. Other antigens will confirm B-lineage differentiation and allow further classification of the disorder. This is summarized in Supplementary Table 4 , indicating the pertinence of CD5 co-expression in CLL and myeloid cell factor, of CD23 in CLL, of CD10 in FL and of CD103, CD25 and CD11c in HCL. A decreased expression or absence of CD22, CD81 and CD79b is also a hallmark of CLL cells, further segregating them from a residual component of normal B cells. Of note, prolymphocytic leukemias are typically composed of naïve md cells, with high CD79 and CD20 expression in the absence of CD23 and CD5. 75 The use of CD20 as a B-cell marker may, however, be improper for patients treated with monoclonal antibodies directed to that antigen.
The combination CD19/CD10/C38 can be useful to determine the size of the B-cell precursor population (hematogones) in bone marrow samples, 76 and it will also provide an approach to the possible presence of CD19 lo /CD38 þ plasma cells. 76, 77 It must be emphasized that Supplementary Table 3 reports the features most classically seen on B-cell LPDs. However, frontiers are leaky in this classification and atypical immunophenotypes are not rare. A close collaboration with pathologists and clinicians is mandatory to reach the most accurate diagnosis.
Gated on CD3 or another T-lineage marker, the T-lineage panel should comprise the following antigens: CD2, CD3, CD4, CD5, CD8 and CD7, mostly to investigate whether there is a decreased expression or absence (immunophenotypic 'holes') of one or more of these markers on a potentially clonal proliferation of T cells. 74 The use of CD56 as a screening for potential CD3 À /CD56 þ proliferative disorders should be interpreted with caution, first because of the rarity of these disorders, and second because CD56 has a broader expression than just the NK lineage. A concomitant staining with CD45 could be useful in such cases to confirm the leukocytic nature of the CD56 compartment. It should be noted that a CD56 þ /CD45 À immunophenotype can be found on malignant plasma cells in myeloma and in bone marrow involvement of small round cell tumors of childhood such as neuroblastoma and rhabdomyosarcoma. 78 
Additional useful markers
Depending either on clinical information or results of the primary screening as shown above, further markers can be considered. Investigating for FMC7 would allow full application of the Matutes' score 3 and provide further information as to the possible occurrence of HCL, splenic lymphoma with villous lymphocytes, marginal zone lymphoma or myeloid cell factor. In fact, the use of FMC7 in the mandatory panel could well be disputed. Differential labeling can be observed with CD43, upregulated in some B-cell disorders such as CLL.
79 CD200 and cyclin D1 may additionally help to discriminate B-CLL from mantle cell lymphoma in cases of B-NHL, although use of the latter marker in flow is still disputed. 80, 81 CD123 is usually expressed on the HCL cells, which conversely may lack CD24. 69, 82 CD138 and CD38 expression are appropriate to detect cells engaged in plasmacytoid differentiation, 75 and this is the recommended combination, together with CD45, to gate plasma cells. A more detailed isotypic identification of surface or intracytoplasmic immunoglobulins, together with information on the presence of monoclonal protein in serum, may refine the diagnosis, for example, in cases of Waldenströ m macroglobulinemia.
CD81, a tetraspanin acting in conjunction with CD19 on normal B cells, is characteristically downregulated on CLL cells and, together with the absence of CD22, provides an excellent means of MRD follow-up in this disorder. 83 CD10 is present in FL, in many cases of diffuse large B-cell lymphomas and in Burkitt's lymphoma as well as in B-cell precursor ALL; therefore, the final diagnosis should always be made in conjunction with morphology. 74 Cytoplasmic Bcl2, CD38 and Zap70 can provide additional prognostic markers. 84 Further investigation of T-lineage disorders can include a better exploration of the type of T-cell receptor expressed (ab or gd), especially as a good approach of clonality can be performed with a panel of Vb specificities allowing to cover about 80% of the Vb repertoire. 85 Evidence of the absence of CD7 expression on the CD4 þ cells of Sezary syndromes is extremely pertinent, and may be associated with the evidence of the absence of CD26, although this latter feature seems more controversial. 86, 87 CD10 expression has also been reported on angioimmunoblastic T-cell lymphomas. 88 Search for CD30 is of great value, associated with morphology and clinical features, in the diagnosis of Hodgkin's and anaplastic T-cell lymphomas. 89, 90 However, the tumor cells in these entities may be difficult to detect by flow cytometry.
In addition to the precautions mentioned above for CD56 putative NK cell disorders, exploration of this lineage may benefit from the investigation of surface CD57, CD16, CD158 or CD94, and intracytoplasmic search for perforin or granzyme B. 91, 92 The availability of a large range of reagents directed to NK receptors may also be useful to show the clonality of such very rare disorders. 93 Finally, as for AL, therapeutic monoclonal antibodies are increasingly used in LPD, again not only directed to B cells but also in trials aimed at T-cell proliferations. 94 This document provides the consensus collective view of participants of the ELN WP10 group as to the numbers and characteristics of markers necessary for a proper diagnosis of hematological malignancies in flow cytometry. The relevance of each of the suggested markers has been outlined and referenced, and is summarized in Supplementary Table 5 . The mandatory panels lead to a correct diagnosis that would allow to properly direct therapy. Among the more than 360 clusters of differentiation depicting leukocyte antigens and the plethora of nonclustered molecules for which reagents are available, the markers selected by the WP10 group were chosen on the basis of experience and relevant literature. The list proposed in this document derives from the first that was posted in 2005, but has been updated. As other documents of this type, 27, 28 it will evolve with time, but at the moment it provides an accurate state-of-the-art evaluation. The tremendous development of flow cytometry instruments and software in the past decades has strengthened the pivotal role of this methodology in providing rapid and accurate information on immunophenotype, even on small samples or rare events by use of multidimensional approaches. Besides diagnosis, the follow-up of patients with hematological malignancies should benefit from this technology. Yet, such implementations will remain dependent on an accurate and comprehensive exploration at diagnosis, involving the pertinent choice of a large panel of antibodies justified by the heavy burden on the health system of these severe diseases. Screening strategies, as proposed with the orientation tube for LPD can be valuable. It may also not be necessary to type the cells in different samples. For instance, leukemic involvement of peripheral blood is usually providing pertinent information that need not be repeated on a bone marrow sample. The best compromise should be found between the benefit expected for the patient and the costs involved, yet a panel of around 30 antibodies can really be necessary in many instances. It is of health-economic importance to balance the relatively small cost of an appropriate comprehensive diagnostic immunophenotype against the tremendous burden on health-care systems brought by the treatment of these serious diseases.
The combinations to be used in each setting will depend on the technology available and are also in constant evolution. It is foreseeable that some degree of harmonization may be reached even considering the increasing complexity of multiparameter flow cytometry, but it is advisable that some freedom and flexibility remain. It is indeed important to continue investigating for ever more accurate and pertinent tests, providing clinicians and patients with prognostic information allowing to tailor induction and maintenance therapy as best as possible.
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